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(571 ABSTRACT

A two-phase superconductive shift register using Jo-
sephson tunnelling devices is provided wherein a plu-
rality of shift register stages each includes a first and
second branch in parallel to which a DC current is
supplied. A Josephson tunnelling device is located in
each branch which operates in its no voltage state
when the DC. current is applied thereto. A first and
second input means is provided for switching one of
the Josephson tunnelling devices in accordance with
an input to cause the input current to flow through the
other branch. A first and second coupling means are
located between the stages of the shift register, the
first coupling means coupling the first branch circuits
of successive stages and the second coupling means
coupling second branch circuits of successive stages.
The coupling means are energized in response to
phase time pulses and current flow in the preceding
stage causing the Josephson device in the next stage to
switch to its finite voltage stage thereby causing the
current to flow in the opposite branch in the next
stage. ’ ' ' : :
* . 7 Claims, 3 Drawing Figures
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1
SUPERCONDUCTIVE SHIFT REGISTER
UTILIZING JOSEPHSON TUNNELLING DEVICES

BACKGROUND OF THE INVENTION

1. Field of the Invention

The invention relates to a circuit using Josephson
tunnelling devices and more particularly, to a super-
conductive shift register circuit which requres no sus-
taining power for operation.

2. Description of the Prior Art

Josephson tunnelling devices are superconductive
elements exhibiting a zero voltage current stage in
which pair tunnelling exists, and a finite voltage state
in which single particle tunnelling exists. The existence
of a zero voltage state in a superconductive tunnel

junction was first described in July, 1962 by B. D. Jo-

sephson. Since that time, these devices have been pro-
posed for applications in memory and logic. For in-
stance, U.S. Pat. No. 3,626,391 describes a supercon-
ductive memory using Josephson tunnelling devices in
which .memory cells comprised of superconducting
loops are used. Josephson junctions determine the di-
rection of current flow in the superconducting loops
and they are also used for sensing the current in these
loops. : ]

. US. Pat. No. 3,281,609 describes a logic device
using Josephson tunnelling junctions in which the mag-
netic fields applied to the junction cause the junction
to switch voltage states, depending upon whether or
not the maximum zero voltage current through the
junction is exceeded. Externally applied magnetic
fields are used to lower the threshold current (maxi-
mum zero voltage current) of the tunnel junction so
that switching to a finite voltage state occurs.

U.S. Pat. application, filed June 30, 1972, Ser. No.
267,841, now U.S. Pat. No. 3,758,795, describes a su-
perconductive circuit using a Josephson tunnelling de-
vice connected to a transmission line having a termina-
tion such that reflections do not result when the Jo-
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sephson tunnelling device switches between two stable

voltage states, in acordance with applied input signals.

Josephson tunnelling junctions have been applied to
various logic circuits. However, they have not been uti-
lized in a shift register circuit which is capable of pro-

viding shifting without the necessity of any standby -

power to sustain operation. In other words, each of the
stages is in the superconductive current state in which
there is no voltage regardless of whether the stage is in
the so-called *“1”’ or “0” state. The register shifting can
be stopped at the completion of any phase time and
sustained in that condition with no standby power dissi-
pation. To reinitiate shifting, it is only necessary to
bring in the next phase clock.

Although applications for Josephson tunnelling junc-
tions are known in the prior art, the prior art does not
show how to obtain a reliable shift register circuit, es-
pecially one that can be implemented using very few
Josephson devices and which requires a minimum of
power.

Accordingly, it is 2 main object of the present inven-
tion to provide a shift register circuit utilizing Joseph-
son tunnelling devices in which the power dissipation
is minimized.

It is another object of the present invention to pro-
vide a shift register circuit using Josephson tunnelling
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devices in which the operation can be obtained in a
two-phase timing sequence.

It is still aniother object of the invention to provide a
shift register circuit using Josephson tunnelling devices
which is capable of extremely high speed switching.

It is a further object of the invention to provide shift
register circuits using Josephson tunnelling devices in
which the various stages have the same current supply
source. ’

It is a still further object of the invention to provide
Josephson tunnelling device circuits which can be eas-
ily fabricated using conventional planar technology.

BRIEF SUMMARY OF THE INVENTION

A two-phase superconductive shift register is pro-
vided using Josephson .tunnelling devices which in-
cliides a plurality of shift register stages energized from
a DC current source, Each stage includes a first and
second branch circuit in parallel. A Josephson tunnel-
ling device is located in each of the branches. The Jo-
sephson device in each branch operates.in the no-
voltage stage when the DC current is applied thereto.
A first and second input means provides an input for
selecting one of the Josephson devices thus causing the
input current to flow through the other branch. A first
and second coupling means are located between the
first and second branches of the shift register stages, re-
spectively. The coupling means are activated by phase
time pulses which apply a current pulse at the opposite
phase time with respect to adjacent stages of the regis-
ter. The first and second coupling means respond to the
preceding stage branch circuits in which the current
flows and the phase time pulses cause the current to
flow in the opposite branch in the succeeding stage.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a schematic illustration of a superconduc-
tive shift register circuit utilizing Josephson tunnelling
devices. o

FIG. 2 is a diagram illustrating the structure of one
of the Josephson tunnelling junctions of the shift regis-
ter circuit shown schematically in FIG. 1.

'FIG. 3 is a plot of tunnel junction current versus tun-
nel junction voltage for a Josephson tunnelling junc-
tion, used to illustrate the operation of: the circuit
shown in FIG. 1. ' ‘

DETAILED DESCRIPTION OF THE PREFERRED
EMBODIMENTS

FIG. 1 is a schematic diagram of a superconductive
shift register circuit utilizing Josephson tunnelling junc-
tions in a two-phase timing sequence to provide a high
speed, low power device.

In more detail, the superconductive shift register cir-
cuit consists of four stages 1,2, 3 and 4 each having a
first and second parallel branch 10 and 12 with respect
to input current Iw. Of course, the number of stages is
theoretically unlimited. In the state where there is no
input to any of the shift register stages, the current will
tend to split into- the two parallel branches 10 and 12
of each of the stages. Josephson devices J Al,JA2,JA3

"and JA4 are located in the respective branches 10 of

the stages 1, 2, 3 and 4, respectively, and Josephson de-
vices JB1, JB2, JB3 and JB4 are located in the respec-
tive branches 12 of the stages 1, 2, 3 and 4, respec-
tively. The stages present no resistance since the cur-
rent applied thereto is well below the critical current
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value at which the Josephson device switches from its.

no voltage to its finite voltage state. Once an input 14
or 16 is provided at the first stage of the shift register,
one of the Josephson devices JA1l, JB1 will be
switched. For example, the write 1" input would be
applied to the lefthand input control circuit 20 which
causes the Josephson junction JA1 to switch to its finite
voltage ‘state. The input i$ a current pulse which in
flowing through circuit 20-or 22 -gives rise to magnetic
fields which couple to the Josephson device JAl or JB1
lowering the maximum no voltage current value at
which the device switches. When one of the Josephson
devices JA1, JB1 switches into its finite voltage state by
an input 14,16 on one of the input circuits 20,22; the
current will no longer split through each branch 10,12
but will flow through the opposite branch to the Jo-
sephson device at which the input is received. In other
words, the Josephson devices JA1, JB1 which switches
into its finite voltage state has sufficient resistance to
- cause the current to flow through the opposite branch
of the circuit which is still in its no voltage state and ac-
cordingly, has no resistance. It has arbitrarily been se-
lected, that the flow through the right hand branch 12
of any stage will represent a "1’ storage while the cur-
rent flow through the lefthand branch 10 will represent
the “0” storage. Accordingly, a 0 input at the input 16
shown on the right affects the Josephson junction JB1
so that it switches into its finite voltage state thereby
causing the current to flow in the left hand or “0”
branch 10 of the stage. '

A first and second coupling means 30,32 are located
between the first and second stages of the shift register.
The coupling means 30- couples between the first
branches 10 of the first and second stages while the
coupling means 32 couples between the second
branches 12 of the first and second stages. Each of the
coupling means. 30,32 includes a Josephson tunnelling
junction JC1, JD1, respectively. Bypass-circuits 31,33
are connected across the Josephson devices JC1, JD1,
respectively, in each of the coupling means. Likewise,

a first and second coupling means 34,36 are located be- -

tween the second and third stages of the shift register
coupling . between the first branches 10 and second
branches 12, respectively. Each coupling means 34,36
includes a Josephson tunnelling junction JC2, JD2, re-
spectively. Bypass circuits 35 and 37 are connected
across the Josephson junctions JC2 and JD2, respec-
tively. Each of these bypass circuits include terminating
resistance RA2 and RB2, respectively. Further, first
and second coupling means 38,40 including Josephson
tunnelling devices JC3 and JD3, respectively, are lo-
cated between the third and fourth stages of the regis-
ter. Bypass circuits 39 and 41 are connected across the
tunnelling junctions JC3 and JD3, respectively. Each of
these bypass circuits includes a terminating resistance
RA3 and RB3, respectively. A first and second cou-
pling means 42,44 including Josephson tunnelling junc-
tions JC4 and JD4 are shown as the output means from
stage 4 of the shift register illustrated in FIG. 1. Bypass
circuits 43 and 45 are connected across these junctions
JC4 and JD4, respectively. Each of these bypass cir-
cuits include a terminating resistance RA4 and RB4,
respectively.

The operation of the shift register can best be appre-
ciated from the following example wherein an input 14
is applied to the input circuit 20 which serves as the
control means for Josephson tunnelling junction JA1.
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The input to this input ¢ircuit 20 is selected as the write
“1”" input. The input 14 is a current pulse which in
passing through the input circuit 20 causes a magnetic
field which couples to the Josephson junction JA1 low-
ering the maximum 0 voltage current below the input
current value Iw causing the Josephson device JA1 to
switch to its finite voltage state. When the Josephson
junction JA1 switches to its finite voltage state the
input current Iw will pass through the path of least re-
sistance, path 12. Thus, the flow of the input current Iw
through the branch 12 will represent the **1”’ condition
of stage 1. Similarly, if an input had been applied at the
input circuit 22 the Josephson junction JB1 would have
switched and the input current flow Iw would be
through the branch 10 respresenting the “‘0”. condition
of the stage. The current flow through the branch 12
acts as a control means for the adjacent Josephson
junction JD1 of the coupling means 32. The current
flow in the branch 12 sets up a magnetic field which
couples to Josephson device JD1 lowering the maxi-
mum no voltage current value. At ¢1 time a current
pulse is-applied to the Josephson junction JD1, the cur-
rent value of which is above the maximum no voltage
current value so that the Josephson device JD1
switches into its finite voltage state. When the device
JD1 switches into its finite voltage state, the current
passes through the bypass circuit 33. The current pass-
ing through the bypass circuit 33 sets up a magnetic
field which couples to the adjacent Josephson tunnel-
ling junction JB2 in the second stage of the shift regis-
ter. This coupling of the magnetic field lowers the
threshold current value similar to the operation in con-
nection with Josephson device JA1. Thus, the Joseph-
son device JB2 switches into its finite voltage state and
the input current Iw to the second stage of the shift reg-
ister passes through the lefthand or branch .10 of the
second stage. As has been previously mentioned, this
represents the “Q” state of the stage. This current
through the branch 10 sets up a magnetic field which
couples to the Josephson device JC2 lowering the
threshold current similar to the operation in connec-
tion with Josephson device JD1. The Josephson device
JC2 is switched into its finite voltage state upon the re-
ceipt of the ¢2 current pulse. Once this junction has
been placed in.its finite voltage state, the ¢2 current
pulse will flow through the bypass circuit 35 which sets
up a magnetic field which couples to the next Joseph-
son junction JA3 in stage 3. This magnetic coupling
causes the junction JA3 to switch, in the same manner
as was previously described in connection with junction -
JA1, so that the current flow is through the path of least
resistance, branch 12. This represents the “1” state of
the stage. Similarly, the current flow in branch 12 of
stage 3 causes Josephson device JD3 to switch to its fi-
nite voltage state and the ¢1 current pulse applied
thereto passes through the bypass circuit 41 causing the
Josephson junction JB4 in stage 4 to switch to its finite
voltage state thereby causing the current Iw to flow
through the branch 10. Similarly, the flow of the cur-
rent through branch 10 sets up a magnetic field causing
coupling to Josephson junction JC4 which switches to
its.finite voltage state upon the receipt of the ¢2 cur-
rent pulse. The current pulse is bypassed through by-
pass -circuit 43 which serves as the output of the shift
register shown in FIG. 1. The resistance in each of the
bypass circuits associated with each of the coupling
means between the stages as well as in the input and
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output means prevent circulating currents in.the cir-
cuits. It can be seen that the *“0’" input on the input cir-
cuit 22 produces current flow in the.opposite branch of
the respective stages. :

It should be noted that the current is switched from
branch to branch in the shift register and that the cur-
rent flow is in opposite branches in succeeding stages.
Therefore, the input pulse can be obtained as an output
from the odd number stages. That s, if a **1”"is written

into the first stage as shown in FIG. 1, it can be ob-
tained as an output ‘1" from the third, fifth, etc. stages.
The other stages in this case, the second, fourth and so
forth will provide an output but in an inverted state.
The fact that some of the stages store the input as the
opposite value is incidental since it is a matter of termi-
nology only. In other words, it is only a matter of as-
signing the current flow in one of the branches a partic-
ular value such as “0” or “1”, '

It should be noted that the Iw current applied as an
input to the first stage of the shift register is available

to each succeeding stage of the shift register and is -

-available at the output. This current Iw always passes
through the branch circuit in which the Josephson de-
vice is in its “0” voltage state in each of the stages.
Therefore, it is theoretically not reduced in amplitude
because of the lack of resistance of the Josephson tun-
nelling devices in the ‘0" voltage state. If the input is
to be stored in one of the shift register stages, the phase
timing pulse for shifting it out or for coupling to the
next stage is suppressed. Accordingly, the “0” or “1”
current conduction in the respective branches will re-
main. Tt should be appreciated, that no power is being
dissipated in this storage and thus the shifting can be
again initiated by the application of the correct phase
time pulse to the coupling means to the next stage. This
no-power dissipation for sustaining a value in the shift
register is an extremely important feature. Theoreti-
cally, an infinite number of stages can be utilized since
the power consumption is theoretically “0™. ‘

FIG. 2 shows the structure of a typical one of the Jo-
sephson tunnelling devices utilized in FIG. 1. The sym-
bolism is also shown in connection therewith. Each of
the Josephson tunnelling devices are constructed simi-
larly and are comprised of superconducting electrodes
50 and 52. These superconducting electrodes are sepa-
rated by a tunnel barrier 54. The electrodes 50,52 are
fabricated from known superconductive materials,
such as lead or tin. Preferably, tunnel barrier 54 is an
oxide of the base electrode and can be for instance,
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lead oxide. The manner of construction of a Josephson -

tunnelling junction is well understood in the art and will
not be described further here.

The branch circuitry is comprised of superconduc-
tive striplines 56 and 58. As with the electrodes of the
Josephson devices, the striplines are deposited by
known processes such as evaporation or sputtering. In
FIG. 1, the striplines are shown deposited on an insula-
tive layer 17 which is located over superconductive
ground plane 15. The control conductors 60 are gener-
ally superconductive lines although they need not be

superconductive. If these control conductors are the-

output loops of other Josephson tunnelling circuits as
is the case with respect to the coupling means, they will
be superconductive lines. The control conductors 60
are shown in this figure as being located over the re-
spective Josephson junctions. The symbolism used in
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FIG. 1, is shown specifically in FIG. 2 in conjunction
with the Josephson device illustrated.

FIG. 3 shows the plot of Josephson junction current
1J1 through a typical Josephson tunnel junction desig-
nated as J1, plotted as a function of the voltage across
the junction. This plot shows the conventional curve
denoting pair tunnelling through the junction in the
“0” voltage state and single particle tunnelling through
the junction in the finite voltage state. That is, currents
up to a magnitude of 1Jm will flow through the junction
in its 0 voltage state. When current 1J1 through the
junction exceeds this value, the junction will rapidly

- 'switch to a finite voltage state at which time the voltage

across the junction will be the gap voltage Vg. When
current through the junction is descreased to a value
less than [Jm’, the voltage across the junction will fol-
low the curve, indicated by portions A and B, back to
the “0” voltage state. The dotted line L1 will be used
to explain the operation of the Josephson tunnel de-
vices in the circuit of FIG. 1, when the device is
switched in accordance with current applied to the
control conductor. Assume that the junction J1 is in its
0 voltage state and a current IG1 flows through the
device J1. If a sufficient magnetic field now couples to
J1 such that the critical current IJm in J1 falls to a value
less than IG1, tunnel device J1 will immediately switch
to a finite voltage state. The current [ in will immedi-

‘ately start flowing through the other branch of the cir-
“cuit, since the devine in this other branch offers a <0’

resistance path. The tunnel device J1 is switched to a
finite voltage state following a path given by line L1.If
the current 1J1 is lowered such that I in is less than
IG1', tunnel device J1 will switch back to its ““0” volt-
age state. . :

A high density, high speed shift register can be built
based upon characteristics of the Josephson devices.
More particularly, the shift register circuits depend on
the “0” voltage state and the finite voltage state switch-

‘ing ability of the Josephson tunnelling devices. The

most important feature of the shift register is that no
auxiliary power is necessary to maintain the informa-
tion in a fixed position within the shift register espe-
cially if initial current Iw is removed. '

While the invention has been particularly shown and
described with reference to a preferred embodiment
thereof, it will be understood by those skilled in the art
that the foregoing and other changes in form and detail
may be made therein without departing from the spirit
and scope of the invention.

What is claimed is:

1. A two-phase shift register using Josephson tunnel-
ling devices comprising: :

a plurality of shift register stages; _

a current source for providing DC current to each of

said shift register stages;

a first and second branch circuit in parallel in each
of said shift register states; ’

a first and second Josephson tunnelling device lo-
cated in said first and second branch circuits, re-
spectively, said devices operating in their no-
voltage state;

a first and second input means for setting the asso-
ciated Josephson junction to its finite voltage state
causing the input current to flow in the opposite
branch; - ’
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a first and second coupling means located between

the first and second branches, respecmely, of the.

stages of said shift register;

a source of phase time pulses, said first and second

coupling means between successive stages being
energized alternately by a current pulse at the op-
posite phase times; and

said first and second coupling means responding si-

multaneously to said phase time pulse and to the
branch circuit in which the current flows in the pre-
ceding stage thereby causing the current to flow in
the opposite branch in the succeeding state.

2. A two phase shift using Josephson tunnelling de-
vices according to claim 1, wherein said first and sec-
ond coupling means each consists of a Josephson de-
vice having a bypass circuit connected thereacross
through which a.current pulse passes when the Joseph-
son device is switched to its finite voltage state.

3. A two phase shift register using Josephson tunnel-
ling devices according to claim 1, wherein said current
is applied in series to the successive stages and in paral-
lel to the branches within each stage, said current in the
successive stages passing through the branch having a
Josephson device in the no-voltage state.

4. A two phase shift register using Josephson tunnel-
ling devices according to claim 1, wherein said first and
second branch circuits in paralle! constitute supercon-
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8
ductive circuits.

5. A two phase shift register using Josephson tunnel-
ling devices according to claim 1, wherein said first and
second Josephson tunnelling devices in said first and
second branch circuits, respectively, comprise two
stripline conductors separated by an insulator barrier
so that tunnelling takes place through said barrier to
give a zero voltage current up to a critical current value
beyond which the device switches into a finite voltage
state.

6. A two phase shift register using Josephson tunnel-
ling devices according to claim 2, wherein said first and
second coupling means each further include a bypass -
circuit connected across said Josephson tunnelling de-
vice and having a terminating resistance therein, said
bypass circuit forming the input to the Josephson de-
vice 'of said branch circuit associated therew1th in the
next stage.

7. A two phase shift register using Josephson tunnel-
ling devices according to claim 6, wherein the first and
second coupling means bypass circuit produces a mag-
netic field when the current flows therethrough which
lowers the critical current value of the associated Jo-
sephson tunnelling device in the next stage causing it to
switch to its finite voltage state thereby causing the cur-

rent to switch to the other branch of said next stage.
' * ok Kk ok K



